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COST AND PERFORMANCE REPORT
B execuTi VE sUMVARY I

RPF-042.pm5\1129-02.pm5

Thi s report presents cost and perf or mance
datafor athernal desorptiontreatnent

appl i cation at the Ander son Devel oprent
Gonpany (ADQ) site located in Adrian,
Lewanee County, M chi gan. Between 1970
and 1979, the ADCsite was used for the
nmanuf act ur e of 4, 4- net hyl ene bi s(2-

chl oroani | i ne) or MBOCA, a har deni ng agent
used i n pl asti cs nanuf acturi ng. Process

wast ewat er s wer e di scharged to an unl i ned

| agoon. A subsequent renedial investigation
deternined that soil and sl udges i n and
around t he | agoon wer e cont am nat ed and
cont am nat ed soi | s and sl udges wer e exca-
vat ed, dewatered, and stockpiled. A Record
of Decision (R(D), signedin Septenber 1991,
speci fied thernal desorption as the renedi a-
tiontechnol ogy for the excavated soil. Soil

cl eanup goal s were establ i shed f or MBOCA
and speci fic vol atil e and senivol atil e organic
consti tuents.

Ther mal desorption using the Roy F. Vst on
LT°® syst emwas per f or med fromJanuary

Bl s TE 1 NFORVATI ON

I dentifying I nformation

1992 to June 1993. The LT*®thernal pro-
cessor consi sted of two jacketed troughs, and
operated with a resi dence tine of 90 m nutes
and a soi | / sl udge t enper at ure of 500-530°Fin
this application. Hollow screwconveyors
noved soi | across the troughs, and acted to
m x and heat the contam nated soil. The
thermal processor di schargedtreated soil toa
conditi oner where it was sprayed with water.
Thermal desor pti on achi eved t he soi |l cl eanup
goal s specified for MBOCAand al | vol atile
organi c constituents. Seven of ei ght

semvol atil e organi c constituents net cl eanup
goal s; anal ytical problens wereidentifiedfor
bi s(2- et hyl hexyl ) pht hal at e.

Infornation on costs for this applicationwere
not availableat thetineof thisreport. Qigi-
nally, thetreated soils wereto be used as
backfill for the lagoon. Hwever, the state
required of f-site di sposal of treated soils due
to the presence of el evated | evel s of manga-
nese.

Treat ment Application

Ander son Devel opnent Conpany
Adrian, M chi gan

CERCLIS # M D002931228

ROD Dat e: Sept enber 30, 1991

Background [1, 2, 5, 11]

Type of Action: Renedi al

Treatability Study associ ated wi th appli ca-
tion? Yes (see Appendi x A)

EPA SI TE Programt est associated with
appl i cation? Yes (see Reference 9)

Period of (peration: 1/92 - 6/93

Quantity of material treated during applica-
tion: 5,100 tons of soil and sl udge

H storical Activity that Generated Contani-
nation at the Site: Chem cal Manufacturing -
pl asti cs har dener

Correspondi ng SI C Code: 2869 (I ndustri al
Qgani c Chenical s, Not H sewhere d assi fi ed)

Wast e Managenent Practice that Contrib-
uted to Contam nation: Surface | npound-
ment / Lagoon

Site H story: The Ander son Devel oprrent
Gonpany (ADQ) is a specialty chem cal

nanuf acturer | ocated i n Adri an, Lewanee
Gounty, Mchigan, as shown on Fgure 1. The
ADCsite covers approxi mately 12.5 acres of a
40-acreindustria park. Residential areas
surround the i ndustrial park. Hgure 2 shows a
| ayout of the ADCsite.
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Background [1, 2, 5, 11] (cont.)
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S TE | NFORVATI ON (CONT. ) I

Bet ween 1970 and 1979, ADC nmanuf act ur ed
4, 4- net hyl ene bi s(2-chl oroaniline), or

MBOCA. MBOCA i s a hardeni ng agent used

i n t he manuf act ure of pol yur et hane pl asti cs.
As part of the nanufacturing process, process
wast ewat er s cont ai ni ng MBOCA wer e di s-
charged to an unl i ned 0. 5-acr e | agoon.

In May 1986, Anderson Devel opment Com
pany (ADQ entered intoan Administrative

Q der by Consent with EPAto conduct a
Renedi al | nvestigation/Feasibility Sudy (R/
FS. Therenedi al investigation deternined
that soil and sl udge i n and around t he | agoon
wer e cont am nat ed, and contam nat ed soil s
and sl udges wer e excavat ed, dewat ered, and
st ockpi | ed.

Regul atory Context: A 1990 RODsel ected in
situvitrification (1S astherenedi ation
technol ogy. An amended RCDwas i ssued in
Sept enber 1991 whi ch speci fi ed t her nal
desorption as t he renedi ati on t echnol ogy,
wthlSVas acontingent renedy i f thernal
desorpti onwas found to be not effective. In
August 1991, ADCsigned a consent decree to
conduct a Renedi al Design/ Renedial Action
(RORA) torenediate the site accordingtothe
speci fications inthe 1991 Record of Deci sion
(RD.

Site Logistics/Contacts

Anderson Development
Superfund Site
Adrian, Michigan

Figure1l. Ste Location[1]

Renedy Sel ection: Thermal desorption was
sel ect ed based on areviewof theresults from
a bench-scal e thernal desorption study. The
per f or nance dat a f romt he bench- scal e t est
indi cated that thernmal desorption was capabl e
of neeting the MBOCA cl eanup | evel s.
Additional ly, the costs projectedfor thernal
desorption treatnent were | ower than costs
proj ected for ot her technol ogi es.

Site Managenent: PRP Lead
Oversi ght: EPA

Renedi al Project Manager:
Ji mHahnenbur g (HSRW 6J)
US EPARegion5

77 st Jackson Boul evard
Chi cago, |L 60604

(312) 353-4213

State Contact:

Brady Boyce

M chi gan Department of Natural Resources
Knapp's Gfice Centre

P.Q Box 30028

Lansi ng, M 48909

(517) 373-4824

Treat ment Syst em Vendor:
M chael G Cosnos

\Mst on Servi ces

1 Weston Vay

Vst Chester, PA 19380
(610) 701-7423
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Bl S TE | NFORVATI ON ( CONT.)
Site Logi stics/Contacts (cont.)
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LT° PROCESS
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Figure 2. Site Layout [adapted from[1])

- MATRI X DESCRI PTI ON
Matri x Identification

Type of Matrix processed t hrough the
treat nent system
Sl (exsitu)/Sudge (ex situ)

Cont am nant Characterization

Primary contam nant groups: Hal ogenated
and nonhal ogenat ed vol ati | e organi c com
pounds and pol ynucl ear aromnati ¢ hydrocar -
bons

The contaninants inthe | agoon areaidentified
during the renedi al investigationincluded
vol ati | e organi ¢ conpounds (M3Cs), pht ha-

| ates, phenol s, and pol ynucl ear aronatic
hydr ocar bons (PAHs). 4, 4- Met hyl ene bi s(2-
chl oroani line) (MBOCA) was identifiedas the
prinary constituent of concern. Qher VOG5
present incl uded t ol uene and degradat i on
products of MBOCA H ghlevels of netal s
(e.g., nanganese at | evel s upto 10% were
asopresent at thesite. [1,2)]

Matri x Characteristics Affecting Treatment Cost or Performance

Listed bel owin Table 1 are the naj or matrix characteristics affecting cost or perfornance for

thi s t echnol ogy.

Table 1. Matrix Characteristics [9]

Parameter Value

Measurement  Procedure

Soil  Classification

Clay Content and/or Particle Size

Moisture ~ Content

pH

0il and Grease or Total Petroleum
Hydrocarbons

Bulk Density

Lower Explosive Limit

A-7-6 Soil Group
Arithmetic mean diameter of untreated
Distribution sludge was 765 microns

Soil: Not available
Sludge: 65-70% (before dewatering) Not  available
Sludge: 41-44% (after dewatering)

<7 (before dewatering)
10.9-11.2 (after dewatering)

Not available -

Not available =

Not available -

ASTM (no tfurther description
available at this time)

Not available

Not available
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Primary Treat ment Technol ogy Type:

Ander son Devel opnent Conpany Super fund Sit e—Page 4 of 18

B TREATMENT SYSTEM DESCRI PTI ON I

Ther mal Desor ption

Suppl erent al Treat ment Technol ogy Types: [2]

Pretreatment (Solids): Shreddi ng/ Screening/
Dewat eri ng

Post-Treat ment (Air): Baghouse, Condenser,
Car bon

Post-Treatnent (Water): Ql-Vater Separa-
tor, Hlter, Garbon Adsor ber

Thermal Desorption System Description and Operation

The fol | ow ng treat nent technol ogy descri p-
tionis anexcerpt fromthe Applications
Anal ysi s Report [9]:

“The LT°®syst emconsi sts of three main
treatnent areas: soil treatnent, emssions
control, and condensate treatnent. A bl ock
fl owdi agramof the system[see Hgure 3] is
descri bed bel ow

Soil istreatedinthe LT*®t hernal processor.
The thernal processor consists of two jack-
eted troughs, one above the other. Each

t rough houses four internmeshed, hol | ow screw
conveyors. Afront-end | oader transports feed
soi | (or sludge) to awei gh scal e bef ore depos-
itingthematerial onto afeed conveyor. The

f eed conveyor di scharges the soil into asurge
hopper | ocat ed above t he t hermal processor.

The sur ge hopper i s equi pped with | evel
sensors and provi des a seal over the thernal
processor tomnimze air infiltrati onand
contam nant | oss. The conveyors nove soi |
across the upper trough of the thernal pro-
cessor until the soil drops tothelower trough.
The soi | then travel s across the processor and
exitsat thesaneendthat it entered. Hot oil
circul ates through t he hol | owscrews and
trough jackets and acts as a heat transfer fluid.
During treat nent i nthe processor, each

hol | ow screw conveyor nixes, transports, and
heat s t he contaminated soi | . The t her nal
processor dischargestreated soil intoa
conditioner, whereit is sprayedwthwater to
cool it andto mninize fugitive dust ems-
sions. Aninclinedbelt conveystreatedsoil to
atruckor pile

To atmosphere
A

Sweep Gas
Hot oil burner off-gases
Hot oil Hot oil
Contaminated system [€«——  Fuel/combustion air
soil or sludge Cool oil
Preprocessing Feed Surge Thermal Conditioner Discharge Processed soil
(as needed) conveyor hopper Processor conveyor conveyor truck or pile
v
Fabric filter Spray water
Dust baghouse
Oversized 7
material or A 4
wastewater Air-cooled Oil-Water Paper
condenser separator filter
‘v ¢ Organics *
Key Refrigerated 55-gallon Carbon
condenser drum adsorber
— Solids Flow :
—— Aqueous Flow ‘v *
”””” Vapor Flow To discharge
Carbon Water - :
vapor pac tank » or off-site
disposal
\4
To atmosphere To off-site
disposal

Figure 3. LT® SystemBl ock Fl ow Di agram[ 9]
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B TREATMENT SYSTEM DESCRI PTION (CONT.) I

Thermal Desorption SystemDescription and Operation (cont.)

Aburner heats the circulating oil toan operat-
i ng tenperature of 400 to 650°F (about 100°F
hi gher than the desired soil treatnent tem
perature). Gonbustion gases rel eased from
the burner are used as sweep gas inthe
thermal processor. Afan draws sweep gas
and desor bed or gani cs fromt he t her nal
processor intoafabricfilter. Dust collected
onthefabricfilter may beretreated or
drummed for off-site disposal. Exhaust gas
fromthefabricfilterisdramnintoanair-

cool ed condenser to renove nost of the

wat er vapor and organi cs. Exhaust gasis then
drawn t hrough a second, refrigerated con-
denser, which | owers the tenperature further
and reduces t he noi st ure and or gani ¢ cont ent
of the off-gases. Hectricresistance heaters
then rai se the of f-gas t enperat ure back to
70°F. This tenperature optinzes the perfor-
nance of the vapor-phase, acti vated carbon
col unm, whi chis used to renove any remai n-
ing organi cs. At sone sites, caustic scrubbers
and aft er bur ners have been enpl oyed as part
of theair pollutioncontrol system but they
were not used at the ADCsite.

Gondensat e streans fromt he air-cool ed and
refrigerated condensers aretypicallytreatedin
athree-phase, oil-water separator. Theoil -
wat er separator renoves |ight and heavy

or gani ¢ phases fromt he wat er phase. The
aqueous portionisthentreatedin the carbon
adsor pti on systemt o renove any resi dual
organi c contamnants; after separation and
treat nent, the aqueous portionis often used
for soil conditioning. The organi c phases are
di sposed of off site. Wien processi ng ex-

trenely wet naterial s likesludge, theoil-

wat er separation step nay not be appropriate
due t o t he hi gh vol une of condensat e gener -
ated. In such cases, aqueous streans from
the first and second condensers nmay be
punped t hr ough a di sposabl e filter to renove
particul ate natter prior to carbon adsorption
treatnent and of f-site di sposal .”

System Qperation [ 2]

At ADC contanm nated soi | and sl udge were
excavat ed and screened. Additional Iy, sludges
vere dewateredwithafilter press toreduce
the noi sture content tolevel s sufficient for
thermal treatnent. The soil and dewat er ed
sl udge were t hen st ockpi l ed i n the feed soi
staging buil ding prior tothernal treatnent.
Noinfornationis availableat thistineonthe
dispositionof water extracted by thefilter
press.

Treated soi | s, sl udges, and fly ash were sent
off-sitefor disposal at theLai d awlandfill, a
Typell facility |l ocatedin Adrian, Mchigan.
The RDoriginally cal |l ed for backfillingthe
excavated |l agopon wththe treated soil, sludge,
and fly ash. However, due to hi gh nanganese
level s, off-site disposal was required. Sec-
ond-tine fly ash, whichis fly ash generated
duringthe treatnent of fly ashthroughthe
LT*®system did not reet the established
gui del i nes, and coul d not be di sposed i nthe
landfill. Instead, the second-tine fly ashwas
barrel ed and i nci nerat ed at PetrochemPro-
cessing, Inc. inDetroit, Mchigan.

Operating Paraneters Affecting Treatnent Cost or Perfornance

Table 2 1ists the naj or operati ng paraneters affecting cost or perfornance for this technol ogy

and t he val ues neasured for each.

Tabl e 2. Qperating Paranet ers* [9]

Parameter Value
Residence  Time 90 minutes
System  Throughput 2.1 tons/hr
Temperature (Soil/Sludge) 500 =530 F

*Val ues reported during Sl TE Denonstrati on.

RPF-042.pm5\1129-02.pm5
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B TREATMENT SYSTEM DESCRI PTION (CONT.) I

Ti el i ne

Atinelineof key activitiesfor thisapplicationis show inTable3.

Table 3. Tineline[2]

Start Date End Date Activity
- 5/86 Administrative Order by Consent entered by PRP to conduct RI/FS
- 8/91 Administrative Order by Consent entered by PRP to conduct RD/RA
- 9/8/83 Site Placed on NPL
- 9/28/90 ROD  signed
- 9/30/91 ROD amendment signed
= 9/91 Thermal Desorption Treatability Study conducted
9/91 - Contract led to Weston Services for site remediation
10/91 = LT°® mobilized to Anderson Development Company Site
11/91 12/91 Dewatering activities for high water content sludges
11/91 - Ist LT*® Operations test (delayed due to tramsportation problems)
2nd LI°e Operations test (required because results from Ist test were
12/91 - ) X
destroyed in a fire)
12/91 = Results from 2nd LT°® Operations test received
1/92 - LT*® Operations started
5,/92 _ LT°® operations stopped to assess operability of the process and to

review potential problems with the analytical method for MBOCA

Evaluation of QAPP, resampling of treated materials, evaluation of

6/9z 8/92 operating temperatures via pilot plant test

9/92 - Restart of LT°® operation

6/93 - LT*® operations complete

10/93 LT°® removed from site
3/24/93 _ Memo from MDNR to EPA indicating that all ARARs have been achieved

and delisting process can proceed

Bl TREATMENT SYSTEM PERFORVANCE I

Cl eanup Goal s/ St andar ds

The Consent Decree and RCD anendnent of 1.684 ngy/kg. O eanup goal s for VOCs and
identifiedcleanupgoal s for volatile organic SMOGs insoil and sl udge wereidentifiedas
conpounds (VOCs) and senmvol atil e organic the M chi gan Envi ronnent al Response Act
conpounds (SVO3s) intreated soil and (MERA) Nunber 307, Regul ation 299.5711,

sl udge, i ncl udi ng an MBOCA cl eanup standard  Type Beriteriafor soil. Qeanup goal s were
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B TREATMENT SYSTEM PERFORVANCE (CONT.) I

RPF-042.pm5\1129-02.pm5

C eanup CGoal s/ St andards (cont.)

not identifiedfor netals. The specific con
stituents fromthe MERA 307 |ist w th which
ADCwas required to conpl y are not avail abl e

Addi tional | nformation on Goal s

at thistine. Inaddition, noinfornationis
shown on any ai r enission standards i nthe
references available at thistine. [1, 2, 6]

The cl eanup goal for MBOCA as specifiedin
the ROD, i s based on EPA gui dance docunen-

Treat nent Performance Data

tationandis based onthe excess |ifetine
cancer risklevel of 1x 107

During treatnent, treated soils and sl udges
were pl aced i n ei ght conposite soil piles
(piles AthroughH. Al eight soil pileswere
approved by BPAfor of f-site disposal . Tabl es
4, 5, and 6 showt he range of concentrations
for MBOCA, VOCs, and SVQCs for piles B
through G respectively. Nodataare avail abl e
at thistineonthe concentration of these
itensinthe soils and sl udges prior totreat -
nent or on the concentrations of these
contamnantsinpiles Aor H Tabl e 7 shows

the range of concentrations for 13 netalsin
treatedsoil pilesBand G [12]

(hl ori nat ed di benzo- p-di oxi ns (DDs) and
furans (CDFs) were neasured during the SITE
Denonstrationinthe untreated and treat ed
sludge, filter dust, |iquidcondensate, exhaust
gas fromrefri gerated condenser, and stack
gas. Theresults for 11 specific (s and
(DFs neasured i n these | ocati ons are shown
inTable8. [9

Tabl e 4. Range of 4, 4- Met hyl ene bi s(2-chl oroaniline) (MBOCA) Concentrations in Treated Soil Piles [12]

Constituent Cleanup Pile B Pile C Pile D Pile £ Pile F Pile G
Goal o1T-11/22 1/30-12/12 11317 1/7-1/22 1/26-2/13  4/8-4/30
MBOCA 1,684 BDL-1.63 0.55-152 0.28-1.66 0.21-167 0.36-1.60  <0.05-159
(mg/kg)

BDL - BelowDetection Limt (detectionlimt not reported)

Tabl e 5. Range of VOC Concentrations in Treated Soil Piles [12]

Constituent Cleanup Pile B Pile C Pile D Pile E Pile F Pile G
Goal 9/17-11/22  11/30-12/12  12/13-1/7 1/7-1/22 1/26-2/13 4/8-4/30
Acetone  (ng/ke) 14,000 100-5,400 N A 100-300 100-300 500 100-600
Benzene  (ng/kg) 20 NA NA NA NA N A 20
Methylene ~ Chloride 100 10-20 N A 10-20 0-20 10-20 10-20
(ng/kg)
2-Butanone (ug/ke) 8,000 100-200 N A 100 N A N A 100
1,1,1-Trichloroethane 4000 N4 N A NA N4 10 NA
(ng/ke)
Toluene (ug/ke) 16,000 20-110 N A 20 N A N A N A

NA - Not Avail abl e
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B TREATMENT SYSTEM PERFORMANCE (cCoONT.) NG

Treat nent Perfornmance Data (cont.)

Tabl e 6. Range of SVOC Concentrations in Treated Soil Piles [12]

Constiluent o col Pile B Pile C File D Pile Pile F Pile G
onstitien camip SOl g/19_11/p  11/30-12/12  12/13-1/7 1/7-1/22 1/26-2/13 4/8-4/30
BDL  (200)- BDL (700)-  BDL (3,900)-
Chrysene  (ug/kg) 330 BDL (1.100) A A A BDL (5300) BDL (12000)
Not
Phenanthrene (sg/kg)  |qoniinod 200-300 300 NA NA 400-1,800 700-3,200
Pyrene (1g/ke) 4,000 200-300 200 NA NA 300 700-2,300
Benzo(k)fluoranthene 30 i - i - - 207
(ng/kg)
Phenol (ng/ke) 80,000 200-14,000  3,300-5.700 NA NA 4,700-5,900  300-1,000
. 330 NA NA NA NA NA 200-300
(ng/ke)
Fluoranthene  (ng/kg) 6,000 200-300 200 NA NA 200-300 200-300
Bis(2—ethylhexyl)—
phthalate. (g k) 40 300 NA NA NA NA N A
Isophorone  {ug/kg) 160 200-600 NA NA NA NA NA
4-Methyl Phenol (ig/kg) 8,000 600 NA NA NA NA N A

BDOL - Bel owDetection Limt (value in parentheses is reported nethod detectionlimt)
NA - Not Avail abl e

Tabl e 7. Range of Metal s Concentrations in Treated Soil Piles [12]

Pile B Pile G
Constituent Cleanup Goal 9/17-11/22 4/8-4/30
Antimony  (mg/kg) Not Identified BDL-11 0.56-3.6
Arsenic  (mg/kg) Not Identified BDL-25 16-31
Barium (mg/kg) Not Identified 67-110 61-130
Cadmium (mg/ke) Not Identified BDL-8.6 4.1-17
Chromium (mg/kg) Not Identified BDL-31 16-46
Copper  (mg/kg) Not Identified 23-48 30-1150
Lead (mg/kg) Not Identified 13-39 26-140
Manganese  (mg/kg) Not Identified 8,700-18,000 6,700-22,000
Mercury (mg/kg) Not Identified BDL-0.3 <0.1-<0.2
Selenium (mg/kg) Not Identified 0.2-35 <0.5-140
Silver (mg/kg) Not Identified BDL-3.4 1.2-3
Thallium (mg/kg) Not Identified 3-38 26-54
Zine (mg/kg) Nob  Idenified 3.2-14,000 £,000-8,500

BDL - BelowDetection Limt (detectionlimt not reported)
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Bl TREATMENT SYSTEM PERFORMANCE ( CONT.)

Treat nent Perfornmance Data (cont.)

Ander son Devel opnent Conpany Super fund Sit e—Page 9 of 18

Table 8. Arithmetic Mean Concentrations of CDDs and CDFs Measured During Sl TE Denonstration [ 9]
Sampling  Location
Exhaust Gas
from
Untreated Liquid Refrigerated
Sludge Treated Sludge Filter Dust Condensate Condenser Stack Gas
Parameter (ng/ke) (ng/ke) (ng/ke) (ng/L) (ng/dscm) (ng/dscm)
2,3,7,8-TCDD BDL BDL 0.1 BDL 0.01 0.001
TCDD BDL 0.987 6.04 119 0.137 0.0087
TCDF BDL 2.42 19.8 697 0.178 0.066
PeCDD BDL 0.534 5.98 60 0.2 0.0089
PeCDF BDL 0.066 2.49 47.7 0.14 BDL
HxCDD BDL BDL 0.81 BDL 0.002 BDL
HxCDF BDL BDL 0.5 2.8 0.0004 0.0003
HpCDD BDL BDL 1.38 BDL 0.023 0.017
HpCDF BDL BDL 0.14 BDL 0.005 0.0012
0CDD 0.21 BDL 3.20 BDL 0.121 0.025
0CDF BDL BDL 0.04 BDL 0.0067 0.0024

Al'l CDDs and CDFs shown as Bel ow Detection Linit (BDL) are assigned a val ue of 0

Detectionlimts inuntreated sludge ranged from0. 04 to 0. 80 nanograns per gram(ng/g).

Detectionlinmtsintreated

sl udge ranged from0.07 to 1.6 ng/g. Detectionlinmtsinfabricfilter dust ranged from0.14t09.6 ng/g. Detectionlimts

intheliquidcondensate ranged from1.4to 17 ng/L

Performance Data Assessnent

As shown in Tabl es 4, 5, and 6, MBOCA ot her
VQCs, and SVOCs net the cl eanup goal s for 6
soil pilestreated, wth 2 exceptions. Insoil

pi | e B bis(2-ethyl hexyl )pht hal at e (BBH) was
nmeasur ed as 300 pg/ kg, and t he cl eanup goal
was 40 ug/ kg. BEHP i s a common | abor at ory
contanmnant, andits presence was attributed
toanal ytical probl ens rather than presencein
thetreatedsail. [12]

As shown in Tabl e 6, i sophoronewas initially
neasured insoil pile Bat |evel s ranging from
200- 600 pg/ kg, and the cl eanup goal was 160
Mo/ kg. Additional sanpl es fromsoil pileB
showed t hat i sophorone and ot her SVQOCs
were neasured at | evel s bel owt he detecti on
limt. The RPMstatedthat, prior to di sposal,
soil at thissitehadtoberetreated until all

cl eanup goal s were net. Soil frompile Bwas
di sposed of f site. It isnot knownat thistine
if soil frompile Bthat showed t he el evat ed

| evel s of i sophorone was retreat ed.

As showninTable 7, thetreated soil s con-

tai ned concentrations of manganese rangi ng
from6, 700 ny/ kg to 22, 000 ng/ kg. Due to

t hese hi gh concentrati ons of manganese, ADC
was requi red to di spose of these residual sin
anoff-sitelandfill, instead of bei ngbackfilled
onsite.

As shown i n Tabl e 8, di oxi ns and furans were
present in sone treatnent residuals. The
fabricfilter dust contai nedthe hi ghest concen-
trations of dioxins/furans and was the only
solid residual containi ng neasur abl e anmount s
of 2,3,7,8-TAD
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B TREATMENT SYSTEM PERFORVANCE (CONT.) I

Performance Data Conpl et eness

Cat a are avai |l abl e on the concentrati ons of conparisonw th cl eanup goal s. Data are al so
MBOCA, VOCs, and SVOCs i n six of eight avai | abl e on t he concentrati ons of CDDs and
treated soil piles; these data are adequat e for Fs insixsanplinglocations.

Performance Data Quality

EPA SW 846 net hods wer e used for sanpling B. For chrysene, anal ytical data sheets were
soil pilesat ADG noinfornationis avail abl e at identifiedincorrectly; probl ens for BEH and
this tine onthe anal ytical nethods used. i sophor one ar e descri bed above under “Per-

. . . f or mance Dat a Assessnent . ”
Anal ytical problens wereidentified by the PRP

for chrysene, BB, and i sophoroneinsoil pile

B TREATMENT sysTEM cosT I

Procurement Process [ 2]

The PRPs contractedwith ninefirns to pro- ADC Table 9lists each contractor and their
vi de support services for the ADCrenedi a- roleinthiscleanup. Noinfornationis avail -
tion. Wéston Services served as the prinary ableat thistineonthe conpetitive nature of

contractor for soil excavationandtreatnent at t hese procurenent s.

Tabl e 9. ADC Renedi ati on and Support Contractors [ 2]

Contractor Activity
Weston  Services Soil excavation and treatment
Clayton Environmental Consultants Analytical  services
Chester  LabNet Analytical services
Laidlaw Waste Systems Transport and disposal of treated soils, sludge, and fly ash
Simon  Hydro-Search Environmental consultants, Project management
OHM Dewatering of high moisture content sludges
Environmental Science and Engineering Installation of groundwater monitoring wells
Clean Harbors Disposal of wastewater and contaminated stormwater
Environmental Management Control, Inc. Backfilling the excavated lagoon

Treat nent System Cost

Noinformationis availableat thistineonthe costs for the thernal desorption treat nent
appl i cation at ADC

Pr oj ect ed Cost

The Appl i cations Anal ysi s Report [9] incl udes simlar tothe systemused at t he Ander son
cost projections for using the LT*®syst emat site [9

other sites. As shownin Tables 10, 11, and
12, costs are dividedinto 12 categori es and
arereported as cost per tonof soil treated, for
three different soil noisture contents. The

val ues are based on usi ng an LT*®syst em

The costs are shown i n Tabl es 10, 11, and 12
accordingtothe format for an i nteragency
VWr k Breakdown Structure (VBS). The WBS
speci fies 9 before-treatnent cost el enents, 5
after-treatnent cost el enents, and 12 cost
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Bl TREATMENT SYSTEM COST (CONT.) I

Proj ected Cost (cont.)

el enents that provi de a detai | ed br eakdown alongwththe specificactivities, andunit cost
of costs directly associatedwth treat nent. and nunier of units of the activity (where
Tabl es 10, 11, and 12 present the cost el e- appropriate), as providedinthe Applications
nents exactly as they appear inthe VBS, Anal ysi s Report.

Tabl e 10. Projected Costs for Activities Drectly Associated with Treatnent [9]

Cost Per Ton of Soil Treated (dollars) =
Soil  Moisture  Content
Cost  Categories 20% 45% V5%
Startup/Testing/Permits

Startup Costs b

Mobilization 10.00 10.00 10.00
Assembly 25.00 25.00 25.00
Shakedown 15.00 15.00 15.00
Total Startup Costs 50.00 50.00 50.00

Operation (Short-Term - up to 3 years)

Labor Costs ©

Operations Staff 39.00 79.50 79.50
Site Manager 21.60 44.30 44.30
Maintenance Supervisor 7.20 14.60 14.60
Site Safety Officer 7.20 14.60 14.60
Tatal Labor Costs 75.00 153.00 153.00
Supply and Consumable Costs
PPE 6.00 10.00 10.00
PPE Disposable Drums © 0.50 1.00 1.00
Residual Waste Disposal Drums 1.20 1.20 1.20
Activated Carbon © 8.00 24.00 24.00
Diesel Fuel © 0.62 1.00 1.00
Calibration Gases © 0.35 110 110
Total Supply and Consumable Costs 16.70 38.30 38.30
Utility Costs
Natural Gas (@ $1.43/1,000 ft°) 7.80 26.00 26.00
Flectricity (@ $0.18/kWh) 2.10 6.30 6.30
Water (@$1.00/100 gal.) 0.60 0.60 0.60
Total Utility Costs 10.50 32.90 32.90
Fquipment Repair and Replacement Costs
Maintenance 1170 19.80 19.80
Design Adjustments f 0.00 0.00 0.00
Facility Modifications f 0.00 0.00 0.00
Total Equipment Repair and Replacement Costs 1170 19.80 19.80

Cost of  Ownership

Equipment  Costs

LT°® Rental ° 13.00 ¢ 22.00 22.00
Support Equipment Rental
Dumpsters ¢ 0.70 1.35 1.35
Wastewater Storage Tanks e 1.00 2.00 2.00
Steam Cleaner 0.10 0.10 0.10
Portable Toilet © 0.10 0.20 0.20
Optional Equipment Rental ¢ 12.00 20.00 20.00
Total Equipment Cosis 26.90 45.65 45.65
Total 190.80 339.65 339.65

% = Cost per ton of soil treated; figures are rounded and have been devel oped for a 3, 000-ton proj ect.
= Fi xed cost not af fected by the vol ume of soil treat ed.

Costs are incurred for the duration of the project.

= Feed rate i s doubl e that of soils with 45%noi sture content.

®=Qosts areincurred only during soil treatnent activities.

f = Cost included inthe cost of rentingthe P®system

c

d
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Bl TREATMENT SYSTEM COST (CONT.) I

Proj ected Cost (cont.)

Table 11. Projected Costs for Before-Treat nent Activities [9]

Cost Per Ton of Soil Treated (dollars)®

Soil Moisture Content

Cost  Categories 20% 45% 5%

Mobilization and  Preparatory = Work

Site Preparation Costs

Administrative Costs 11.00 11.00 11.00
Fencing Costs 0.40 0.40 0.40
Construction Costs 0.70 0.70 0.70
Dewatering Costs NA NA 187.90
Total Site Preparation Costs 1210 1210 200.00
Permitting and Regulatory Costs
Permit 3.30 3.30 3.30
Engineering Support 80.00 80.00 80.00
Total Permitting and Regulatory Support 83.30 83.30 83.30

Monitoring, Sampling, Testing, and
Analysis

b

Analytical ~ Costs

Treatability Study 10.00 10.00 10.00
Sample Analysis for VOCs 4.20 12.00 12.00
Total Analytical Costs 14.20 22.00 22.00

m 1 Tha b AN an aAar an

NA = Not Applicable
% = Cost per ton of soil treated; figures are rounded and have been devel oped for a 3, 000-ton proj ect.
= Fi xed cost not af fected by the vol ume of soil treat ed.

Table 12. Projected Costs for After-Treatnent Activities [9]

Cost Per Ton of Soil Treated (dollars) ®

Soil Moisture Content

Cost  Categories 207 45% 75%
Disposal (Commerecial)
Residual Waste and Waste Shipping, Handling, and
Transportation Costs
Oversized Material (2% of feed soil) 5.40 5.40 5.40
Drums 27.00 27.00 27.00
Wastewater 7.20 14.40 14.40
Total Residual Waste and Waste Shipping,
Handling, and Transportation Costs 39.60 46.80 46.80
Demobilization
Site Demobilization Costs 33.00 33.00 33.00
Total 72.60 79.80 79.80

% = Cost per ton of soil treated; figures are rounded and have been devel oped for a 3, 000-ton proj ect.
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[l OBSERVATI ONS AND LESSONS LEARNED IS

Cost (bservations and Lessons Lear ned

B Ninfornmationisavailableat thistine
on the costs for the thernal desorp-
tiontreatnent applicationat ADC

B Poectedcosts for treatnent activities
rangi ng from$190 t o $340 per ton of

soil treatedwereidentifiedby the STE
programbased on the results of a
denonstrationtest. The S TE program
identifiednoi sture content as a key
par anet er af f ecting costs.

Per f ormance QObservati ons and Lessons Lear ned

O her

B Jdeanupgoalsfor treated soil and
sludgeinthis applicationwere speci -
fied for 4, 4-Methyl ene bi s(2-
chl oroani | i ne) and si x ot her VOG5, and
ni ne SVOCs. d eanup goal s ranged
from20 ppb (e.g., for benzene) to
80, 000 ppb (e.g., for phenal).

B Aaytica datafor sixtreatedsoil piles
showt hat MBOCA and al | ot her VOCs
net the cl eanup goal s. E ght of nine
SVOCs net ¢l eanup goal s; anal yti cal
probl ens were identifiedfor BEHP.

B Hevated | evel s of nanganese were
neasuredinthetreated soil; as a

Observati ons and Lessons Lear ned

result, ADCwas requiredto di spose of
treatedsolsinancoff-sitelandfill.

S TE programdat a i ndi cat e t hat

di oxi ns and furans were present in
sonetreatnent residual s; of all solid
residua s, thefabricfilter dust con
tai ned t he hi ghest concentrations of
di oxi ns and f urans.

Thi s cl eanup of 5,100 tons of soil and
sl udge was conpl eted in a 17 nont h
peri od, whi ch incl uded several nont hs
of systemdownti rre.

B Thetechnol ogy testedinthetreatabil -
ity study was not usedinthe full-scal e
application; thereasonfor thisis not
availableat thistine

1 US EPA Superfund Record of Deci -
sion: Ander son Devel opnent
(Arendnent), M. EPA ROD ROS 91/
177. Cfice of Erergency and
Renedi al Response, Wshington, D C
Sept enber 30, 1991.

2 S non Hydro-Search, Final Renedi al
Action Report, Anderson Devel opnent

Qonpany Ste, Houston, Texas, April
1994.

3 NPL Public Assi stance Dat abase (NPL

PAD) ; Ander son Devel opnent Com
pany, M chigan; EPA | D¢
M D002931228, March 1992.

4

B REFERENCES I

US BPA Superfund Prelininary d ose
Qut Report, Anderson Devel opnent
Gonpany Site, Adrian, Mchigan,
Region 5, Chicago, IL, Septenber 24,
1993.

US EPA Superfund Record of Deci -
si on, Anderson Devel opnent, M,
EPA/ ROO RD5-90/ 137. fi ce of
Ener gency and Renedi al Response,
Véshi ngton, D.C., Septenber 1990.

US DOstrict Gurt, Gnsent Decree,
Lhited Sates of Arericav. Anderson
Devel oprent Go. , Véshi ngton D C,
August 19, 1991.
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Bl REFERENCES (CONT. ) [N

7 US BEPA PRublic Meeting, Expl anation 13. Menorandumf rom Mar k Hast i ngs,

of Sgnificant Dfferences for Renedi al
Activities at the Ander son Devel op-
nent Conpany Site, Cctober 21,
1992.

Ander son Devel opnent Conpany, to
Janes J. Hahnenberg, U S EPA
regardi ng G fsite disposal of Conpos-
iteSoil HleB Additional Senival atile
Anal ytical Data, Decenber 14, 1992.

8 \Weston Services, Inc., Thernal Treat-
nent Systens Proposal , Renedi ati on 14. Menor andumf rom Mar k Hast i ngs,
of MBOCA Cont ami nat ed Sl udge and Ander son Devel opnent Conpany, to
Lhderlying Soil at the Adrian, Mchi- Janes J. Hahnenberg, U S EPA
gan Facility for Ander son Devel oprent regarding Gfsite disposal of Conpos-
Gonpany, August 8, 1991. ite Soil Ple G Decenber 22, 1992.

9 US BPA Applications Anal ysi s Report 15. Menor andumf rom Mar k Hast i ngs,

- Low Tenper ature Ther nmal Tr eat nent Ander son Devel opnent Conpany, to
(LT*® Technol ogy, Roy F. Vst on, Janes J. Hahnenberg, U S EPA
Inc., EPAI540/ AR 92/019. Tfice of regarding O fsite disposal of Conpos-
Resear ch and Devel opnment, Vshi ng- iteSoil FleD January 20, 1993.
ton, D C, Decenber 1992. .

16. MenorandumfromMark Hasti ngs,

10. Ganoni e Ewironnental, Treatability Ander son Devel opnent Conpany, to
St udy Report and Renedi al Contract - Janes J. Hahnenberg, U S EPA
i ng Servi ces Proposal , Sept enber regarding G fsite disposal of Conpos-
1990. iteSoil AleE February 18, 1993.

11. Comments on 30 Novenber 1994 17. MenorandumfromMar k Hasti ngs,
Draft Report fromJi mHahnenbur g, Ander son Devel opnent Conpany, to
RPM recei ved January 18, 1995. Janes J. Hahnenberg, U S EPA

. regarding G fsite disposal of Conpos-

12. MenorandumfromMark Hasti ngs,

Ander son Devel opnent Conpany, to
Janes J. Hahnenberg, U S EPA
regarding Gfsite disposal of Conpos-
iteSoil AleB Decenber 3, 1992.

Anal ysi s Preparation

18.

iteSoil AHleF Mrch10, 1993

Memor andumf romMar k Hasti ngs,
Ander son Devel opnent Conpany, to
Janes J. Hahnenberg, U S EPA
regardi ng O fsite disposal of Conpos-
iteSoil FileG My 13, 1993.

Thi s case study was prepared for the US BEwironnental Protection Agency’s Gficeof Solid
Vst e and Ener gency Response, Technol ogy | nnovation Gfice. Assistance was provi ded by

Radi an Cor por ati on under EPA Contract No. 68- V8- 0001.
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B APPENDI X A - TREATABI LI TY STUDY RESULTS T

Canoni e conduct ed a bench-scal e treatability
st udy usi ng t hei r Low Tenper at ur e Ther nal
Aeration (LTTA) process on cont ani nat ed soi |
fromthe Anderson site. The study had t he
fol | ow ng obj ectives [10] :

B Determne the effectiveness of the
LTTA process to reduce MBOCA
concentrations i n cont am nat ed

Treatability Study Test Description

sl udge and cl ay fromt he Ander son
sitetolevel s bel owt he cl eanup goal
of 1.684 ny/ kg;

B ptinmze the operating paraneters,
especi al | y bed t enper at ure and
resi dence ti ne; and

B [Devel op cost estinates for the full -
scal e treat nent application.

Thetreatability study consisted of sixruns. A
bench-scal e t hermal desor pti on syst emwas
used during the study tosinul ate the full -
scal e LTTA system The bench-scal e system
utilized a batch process, and consi sted of a
hol lowrotating cylinder wthaneta shell

whi ch simul ated the rotary drumdryer inthe
LTTAsystem The shell was heated external |y,
whichinturnheatedthe soil fedintothe
cylinder. Inthefull-scal e design, heat transfer
i s acconpl i shed directly, andincl udes a

conti nuous feed of soil.

df-gasses fromthe soil were carried fromthe
dryer by induced ai r fl owthrough the rotating
cylinder. Ar flowwas induced through the
cylinder at arate of 0.25t0 0.30 cubi c feet
per ninute (cfn). The anount of air flowper
nass of soil inthe dryer was nuch snal | er
thaninthefull-scaleunit. Because of the
relatively | esser anount of particul ates pro-
duced, a baghouse was not includedin the
desi gn of the bench-scal e unit.

The of f - gasses fromt he bench-scal e unit were
first vented through a seri es of water cool ed
condensers, whi ch simul ated the \ent uri
scrubber inthe full-scal e system This unit
condensed wat er vapor and sone vol atil e and
semvol atil e organi cs, includi ng MBGCA For
thefifthand sixthrun, the condenser off - gas
was vent ed t hr ough Tenax or pol yur et hane
foam(PUF) tubes, respectively, to sanpl e for
vol atil e or semvol atil e conpounds whi ch
renai ned inthe of f-gas. This neasured t he
amount of vol atil es and semvol ati | es whi ch
woul d enter the vapor phase carbon unit in
thefull -scal e system

Thefirst four runs of thetreatability study

were prelinmnary runs, whilethelast twowere
systemoptimzation runs. Canoni e perforned
t he runs on cont am nat ed sl udge and cl ay
fromt he Anderson site. The cl ay was shred-
dedto aparticle size of | ess than one-hal f

i nch and then dried. The procedure used for
thetreatability study fol | ons:

1 CGontan nated wet sl udge and shred-
ded, dried clay weremixed at aratio
of approximately oneto three or one
tofour (wei ght-to-wei ght basis).

2 Between 1,300 and 1, 400 grans were
batch fed i nto the preheat ed dryer
cyl i nder for each run.

3 A was induced t hrough the dryer
cylinder at aflowrate between 0.2
and 0.3 cfm

4 The residence tinme was 10. 0 m nut es
for thefirst, second, and sixth runs,
and 12.5 mnutes for thethird, fourth,
and fifthruns. The cylinder was
rotatedat 6 rpmfor al sixruns.

5 Of-gas fromthe process was vent ed
t hrough a seri es of condensers, and a
gl ass contai ner was used to col | ect
t he condensat e.

6 Duringthefifthrun, aportionof the
of f - gas was vent ed t hr ough Tenax
tubestosanple for volatiles. During
the sixth run, the of f-gas was passed
t hrough PUF t ubes t o sanpl e for seni -
volatiles. Inbothruns, the off-gas
passed t hrough t he tubes after it had
passed t hr ough t he condenser s.
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Bl APPENDI X A - TREATABI LI TY STUDY RESULTS (CONT.) I
Treatability Study Test Description (cont.)

RPF-042.pm5\1129-02.pm5

7. Thesoil insidethe cylinder was heat ed
to tenperat ures (bed t enper at ure)
bet ween 480°F and 700°F. [ 10]

Treatability Study Perfornmance Data

Untreated and treated soi | sanpl es fromeach
run were anal yzed for MBOCA. The operati ng
paranet ers and the MBOCA dat a for the six
runs are presentedin Table A1. Theresults
showthat runs with a bed t enperat ure of
greater than 600°F (runs 1 and 2) had a
renoval efficiency of greater than 99.99%
renmovi ng MBOCAt 0 concentrations of |ess
than 0. 05 ng/ kg. Runs 3 and 4 showed t hat
when t he bed t enper at ure was bel ow 600°F
and untreat ed soi | concentrations were
relatively high (300 ng/ kg or hi gher), large
concentrations of MBOCArenai nedinthe
treatedsoil s.

Sanpl es fromRuns 5 and 6 were anal yzed f or
concentrations of vol atile and semvol atile
organics. Theresults, shownin Tabl e A 2,
showt hat vol atil e and semivol atil e soil con-
centrationswererel atively | owbeforetreat-

nent, and that the t echnol ogy reduced
concentrations of toluene. Qher conpounds
showed no decr ease or an i ncrease i n concen-
tration. Results of the condensate anal ysis are
presentedin Tabl e A 3.

Resul ts of the of f-gas anal ysi s showt hat no
semvol atil es were present and only | owl evel s
of volatileswerepresent. G thevol atiles,

acet one and acet al dehyde were present at the
greatest concentrations, at 20 pg/ kg and 6 pg/
kg, respectively. The off-gas anal ytica datais
presentedin Tabl e A-4. [10]

Canoni e estinated that they coul d perform
the full-scal e renedi ationfor afixed price of
$810, 000. Thi s esti nat e was based on a
naxi numof 2,000 tons of soil. This esti-

nat ed cost does not i ncl ude site preparation,
el ectrical costs, or waste di sposal .

Tabl e A-1. MBOCA Concentrations in Pre- and Post-Treatnment Soil and Rel ative Test Run Conditions

MBOCA (mg/kg) Test Run  Conditions
Percent Median Bed
Post- Reduction in [ Temperature Run  Time
Test Run No. |Pretreatment | Treatment MBOCA (F-) (min)
1 570 <0.05 99.99 700 10
2 1100 <0.05 99.99 600 10
3 300 13 95.67 500 12.5
4 320 240 25 480 12.5
o 9.2 <0.05 99.45 020 12.5
6 81 0.23 99.72 520 10.0
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Bl APPENDI X A - TREATABI LI TY STUDY RESULTS (CONT.) N
Treatability Study Perfornmance Data (cont.)

Table A-2. Sunmary of Volatile and Sem vol atile Organics in Pre- and Post - Treat ment Soi |

Concentration  (ug/kg)
Post—Treatment
Test Run No. Compound ~ Detected Pretreatment Sample Sample
) Volatiles
Acetone 1,900 1,900
Benzene ND 8
Chlorobenzene 40 ND
Methyl ~ Chloride ND 58
Tetrachloroethene 40 ND
Toluene 1,800 94
Xylenes  (Total) 40 5
Semivolatiles
Bis(Efethylhexyl)phthalate 1,000 1,200
4-Methylphenol 2,600 2,100
6 Volatiles
Acetone ND 2,600
Benzene ND 12
Methyl ~ Chloride ND 200
Toluene 720 98
Xylenes  (Total) ND 12
Semivolatiles
Bis(2—ethylhexyl)phthalate 1,200 ND
4-Methylphenol 2,100 ND

ND - Not detected

Table A-3. Summary of Vol atile and Semvol atile O gani cs I n Condenser O f - Gas

Test Run No. Compound  Detected Concentration  (ng/kg)
5 Volatiles Only*
C,H ¢ Hydrocarbon 0.2
Acetaldehyde 6
C.H,, Hydrocarbon 0.1
C,H,, Hydrocarbon 0.07
Csll 3 Hydrocarbon 0.08
Furan 0.08
Carbon  Disulfide 0.7
Propanol 3
Acetone 20
CH , Hydrocarbons 0.9
Acetonitrile 0.3
C, H, Hydrocarbons 3
Methyl ~ Acetate 0.2
Methyl Propanol + € H_~ Hydrocarbon 0.8
Methyl  Propanol 0.1
C¢H,  Hydracarbon + C H Hydrocarbon 0.07
Unknown  Compound 0.08
Butanol 0.9
Unknown  Compound 0.03
6 Semivolatiles Only*
None Detected =

*The GC col utmm was not heat ed during VOC anal yses, hence the |ist presented nay
not include all the vol atile conpounds present in the sanpl e
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Bl APPENDI X A - TREATABI LI TY STUDY RESULTS (CONT.) I
Treatability Study Perfornmance Data (cont.)

Tabl e A-4. Summary of Condensat e Anal yses
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Concentration
Compound Detected (neg/L)
MBOCA 860
Volatiles
Acetone 30,000
Toluene 600
Acetaldehyde 1,000
Methyl Ester of Methyl Propeonic Acid 300
Semivolatiles

4—Chloroaniline 1,500
4-Methylphenol 12,000
Phenol 5,100
Aniline 20,000
Pyridine 800
Furancarboxaldehyde 900
Dimethyl  Pyridine 800
Benzaldehyde 2,000
Bromophenol + Acetophenone 900
Chloroaniline  Tsomer 200.000
Benzothiazole 1,000
Chloromethyl ~ Benzeneamine 1,000
Bromophenol 900
Unknown Nitrogen Compound 1,000
Dibromophenol 3,000
Chloro Methoxy Pyrimidinamine 8,000
Unknown Nitrogen Compound 3,000

Treatability Study Lessons Learned

B Canoni €' s LTTA t echnol ogy was According tothe vendor, the full-scal e
ef fective i nreduci ng concentrati ons of LTTA syst emwoul d achi eve a great er
MBOCA to | evel s bel owt he cl eanup renoval efficiency than the bench-
goal of 1.684 ng/ kg, when oper at ed scal e systemdue to the direct heating
at tenperatures of 520°F or greater. andthe greater air flowinthefull-

scaeunit.

B The vendor specified that optinal
operating paraneters for the full -scal e Canoni e estimated that they coul d
syst emwoul d be a resi dence ti ne of performthe ful | -scal e renedi ati on for
10 mnutes at 600°Fto 650°F, and a afixed price of $810,000. This
syst emt hr oughput of 35 to 40 tons estimat e was based on a maxi mumof
per hour. Under these conditions, the 2,000 tons of soil. This estinated
systemwoul d be ef fective in neeting cost does not i ncl ude site preparation,
t he cl eanup goal s. el ectrical costs, or waste di sposal .
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Noti ce

Preparation of this report has been funded whol Iy or inpart by the US Environnental Protec-

ti on Agency under ontract Nunber 68-VB-0001. It has been subj ect to adm nistrative revi ew
by BEPA headquarters and Regi onal staff. Mention of trade nanes for comercial products does
not constitute endorsenent or recommendation for use.
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